An innovative method for preparation of mullite-based refractories from aluminosilicate topaz ores is proposed in which the mineral ore is treated with ammonium fluoride; the excess silicon dioxide is removed in the form of gaseous ammonium hexafluorosilicate. The desiliconized mixture is sintered to obtain a lightweight mullite refractory with a fibrous structure.
Mullite composed of 72% Al 2 O 3 and 28% SiO 2 finds ever-increasing application in high-temperature technologies; mullite-based ceramics display low heat conductivity and high strength and are in widespread use as heat-insulating and refractory materials. For all its superior thermophysical properties and large natural mineral reserves, mullite production in Russia is still in the early stage of development. The demands of the domestic mullite market are at present mainly satisfied by the supply of ready-made mullite refractories purchased from foreign manufacturers [1, 2] .
In Russia, a few manufacturers are concerned with the production of mullite-based refractory materials. Mullite materials are available from Ogneupory Joint-Stock Co. (Tula Region) and Semiluki Refractory Plant Joint-Stock Co. (Semiluki, Voronezh Region); however, they contain less than 62% Al 2 O 3 and their refractoriness is much inferior to that of pure mullite materials. The best raw materials for production of mullite are quartz-topaz ores. In Siberia, the world's largest deposits of quartz-topaz ores have been discovered with an overall topaz content of 200 million tons. The domestic market demand for topaz is about 300 thousand tons. The precursor concentrate obtained by ore flotation contains some 40% aluminum oxide, 45% silicon dioxide, and 10% hydroxyl fluoride compounds. To extract mullite, part of the silicon dioxide and fluorine should be removed.
The processing of quartz-topaz ore includes two major stages: (i) flotation beneficiation in the topaz component and (ii) desiliconization and sintering of the desiliconized con-centrate to a mullite condition. A schematic of the process and the averaged composition of initial, intermediate, and final products are shown in Fig. 1 .
Desiliconization and sintering (mullitization) of the desiliconized semi-finished product are critical and powerconsuming stages of the quartz-topaz-to-mullite conversion. For removing the excess SiO 2 , aluminum fluoride was used; this interacts with SiO 2 and converts it to ammonium hexafluorosilicate [3] . An advantage of ammonium fluoride as a desiliconizing agent is that it can be completely recovered [4] . The cycle of fluoroammonium desiliconization is shown below: Silicon dioxide is removed from the system in the form of ammonium hexafluorosilicate which is further subjected to ammonia hydrolysis. A unique feature of ammonium fluoride is that, when melted, it is an exceptional fluorinating agent; at the same time, ammonium fluoride in solution gives a neutral acid-base reaction and does not react with SiO 2 [5]. The ammonium hexafluorosilicate thus produced converts to a gas at a temperature above 320°C; it is separated from the ore bulk by sublimation with ammonia and water vapors. When cooled, the mixture of ammonium hexafluorosilicate, ammonia, and water regains the ability to enter into a reaction to yield SiO 2 . Silicon dioxide thus extracted is a commercial product conventionally called a silica white, in widespread use in metallurgy as a flux and in the rubber industry as a filler.
The experimental part of the study was concerned with the kinetics of fluorine-ammonia desiliconization of the quartz-topaz concentrate.
A weighed portion of the original quartz-topaz was mixed together with a portion of ammonium bifluoride and heated at a specified temperature for a specified period of time. At the end of the experiment, some water was added to the mixture. The ammonium hexafluorosilicate thus formed and unreacted ammonium bifluoride were dissolved and removed by filtration; the filtered-off residue was calcined and weighed. The difference in weight before and after the experiment was used to evaluate the degree of reaction.
Relevant kinetics results are shown in Fig. 2 . The major kinetic parameters determined in the quartztopaz desiliconization were: activation energy (12 kJ) and reaction rate constant (4.75´10 -3 sec -1 ). The rate equation derived in terms of a contracted sphere model was
When deriving this equation, a realistic physical model was considered: The particle of variable geometry was assumed to have the shape of a sphere formed owing to the gaseous and vaporous reaction products released. The above equation suggests that the process is mainly confined to the diffusion region. Therefore in order to intensify the desili-conization of quartz-topaz concentrate, it is recommended to increase the process temperature, which will promote the sublimation of ammonium hexafluorosilicate formed. At lower temperatures, the dense layer of reaction products prevents the reactant from easy contact with the topaz particle, which decreases the process rate.
The desiliconized quartz-topaz was subjected to sintering; the product obtained was a topaz concentrate deficient in SiO 2 . Subjected to direct calcination, topaz converted to mullite and SiO2 by the reaction Sintering and mullitization cause a change in the crystal structure of topaz. A microscopic analysis revealed sequential structural changes in the ore mass (Fig. 3) at stages of desiliconization ( Fig. 4) and mullitization (Fig. 5) . Figure 6 presents a flowchart for processing of quartz-topaz ore into mullite using a fluoroammonium method. The processing line is by convention divided into three conversion stages. At stage 1, the so-called primary conversion is effected, which includes the recovery of ore and its crushing 
